OBJECTIVE: To investigate the role of interleukin-18 (IL-18) in regulating the growth of the human tongue squamous cell carcinoma cell line CRL-1623™. METHODS: The human IL18 gene was cloned and transfected into CRL-1623™ cells using the transfection vector pcDNA3.1(+). Investigations included analysis of cell viability, detection of apoptosis using annexin V-fluorescein isothiocyanate, assessment of caspase 3/7 activity and real-time reverse transcription-polymerase chain reaction to assess expression of the IL18, CCND1 (cyclin D 1 ), CCNA1 (cyclin A 1 ) and IFNG (interferon-g) genes. RESULTS: Introduction of the IL18 gene inhibited cell proliferation at 24, 48 and 72 h after transfection compared with untransfected cells and cells transfected with blank pcDNA3.1(+) vector. Apoptotic cell numbers and caspase 3/7 activity were significantly enhanced by IL18 transfection. Levels of IL18 and IFNG mRNA were elevated and CCND1 mRNA was reduced after 48 h in IL18 transfected cells compared with wild-type cells. CONCLUSIONS: These findings suggest that IL-18 plays a role in the regulation of tongue squamous cell carcinoma and may represent a potential therapeutic target.
Introduction
Squamous cell carcinoma (SCC) is one of the most prevalent cancers worldwide, 1 -3 with the tongue being the most common site of oral SCC. A large volume of research has been performed regarding the prevention and treatment of SCC, including targeting tumour cell based integrins to enable optical imaging of oral SCC, 4 and the use of curcumin to induce apoptosis via endoplasmic reticulum stress and mitochondria dependent pathways. 5 In addition, tongue cancer resistance associated protein 1 (TCRP1) has been implicated in the radiation sensitivity of oral squamous cell carcinoma cells through the Akt signalling pathway. 6 There is, however, limited data regarding immunotherapy in SCC.
Interleukin (IL)-18 is a proinflammatory cytokine originally described as an a W Liu and B Han contributed equally to this work.
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interferon (IFN)-γ-inducing factor in a mouse model of endotoxic shock. 7 Early reports described the production of IL-18 by activated macrophages and Kupffer cells, but many cell types are now known to produce IL-18. 8, 9 IL-18 is involved in both innate and acquired immunity, promoting the proliferation of activated T-cells, the activation of natural killer cells and the secretion of several chemokines and cytokines. 10 The present study examined the role of IL-18 in vitro in a human tongue squamous cell carcinoma cell line.
Materials and methods

CONSTRUCTION OF HUMAN IL18 EXPRESSION VECTOR
Blood (2 ml) was collected from one healthy donor from the Stomatology Medical College, Jilin University, Changchun, China, into a heparinized blood collection tube, and an equal volume of Hank's balanced salt solution (HBSS; pH 7.2 -7.4) was added. After gentle mixing, 2 ml of Ficoll-Paque™ PLUS (Amersham Biosciences, Saclay, France) was added before centrifugation at 400 g for 30 min. The leucocytes were then harvested from the second separated layer and washed twice using 3 ml HBSS, centrifuging at 300 g for 10 min each time.
Total RNA was isolated from approximately 2 × 10 6 cells using TRIzol ® reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. Then cDNA was synthesized from 0.5 -1.0 mg total RNA using a BioRT cDNA First Strand Synthesis kit (Hangzhou Bioer Technology Co. Ltd, Hangzhou, China). The IL18 cDNA (including the entire coding sequence of IL18; NM-001562.2) was amplified using the following primers: 5′-GGG GTA CCA TGG CTG CTG AAC CAG TAG AAG-3′ and 5′-CCG CTC GAG AGC TAG TCT TCG TTT TGA ACA GTG-3′ (the underlined bases indicate the recognition sequences for the restriction enzymes KpnI and XhoI, respectively). The cycling programme involved preliminary denaturation at 94°C for 2 min, followed by 30 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and elongation at 72°C for 40 s, followed by a final elongation step at 72°C for 5 min. Agarose gel electrophoresis was used to confirm the size of the polymerase chain reaction (PCR) product (IL18; 582 bp). The band was excised and DNA was purified using a DNA purification kit (Tiangen Biotech Co. Ltd, Beijing, China) and cloned into a linearized pMD-18T vector (Takara Biotechnology [Dalian] Co. Ltd, Dalian, China; to facilitate cloning into the pcDNA3.1[+] vector). The IL18 PCR product was sequenced by Tiangen Biotech Co. Ltd.
The pMD-18T vector containing IL18 was digested with KpnI and XhoI (Fermentas, Burlington, Ontario, Canada) for 3 -4 h at 37°C and the IL18 coding sequence was cloned into the pcDNA3.1(+) vector (Invitrogen) according to the manufacturer's instructions. The final vector was named pIL18. The pcDNA3.1(+) vector containing the red fluorescent protein (RFP) gene (pRFP), which was cloned from pDsRed2 (Clontech Laboratories Inc., Palo Alto, CA, USA), was used as a control to demonstrate transfection efficiency. Blank pcDNA3.1(+) was used as a negative control.
CELL CULTURE CONDITIONS
The human tongue SCC cell line CRL-1623™ was purchased from ATCC (Manassas, VA, USA) and maintained in a 1 : 1 mixture of Dulbecco's modified Eagle's medium and Ham's F12 medium (both from Invitrogen) containing 1.2 g/l sodium bicarbonate, 2.5 mM L-glutamine, 15 mM 4-(2-hydroxyethyl)-1-piperazine ethane sulphonic acid, 0.5 mM W Liu, B Han, B Sun et al.
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sodium pyruvate, 400 ng/ml hydrocortisone and 10% fetal bovine serum (PAA Laboratories, Pasching, Austria) without antibiotics (complete medium), in saturated humidity at 37°C and 5% carbon dioxide in air. Culture medium was refreshed every 2 -3 days. For subculturing, the cells were harvested by digestion with a solution of 0.25% trypsin and 0.03% ethylenediaminetetra-acetic acid.
Cells were seeded at a density of 5 × 10 5 per well in flat-bottomed 24-well plates containing 500 µl complete medium. For each well, 2 µg of pcDNA3.1(+), pRFP or pIL18 and 2 µl of Lipofectamine™ 2000 reagent (Invitrogen) were each diluted in 50 µl of serum-free medium. The diluted DNA and Lipofectamine™ 2000 were combined and incubated at room temperature for 20 min, then the complex was added directly to each well and incubated at 37°C in 5% carbon dioxide in air at 95% humidity. Transfection efficiency was determined qualitatively using a fluorescence microscope.
CELL VIABILITY ANALYSIS
The CellTiter 96 ® AQ ueous Non-Radioactive Cell Proliferation Assay (Promega, Madison, WI, USA) was used to determine the number of viable cells in culture at 24, 48 and 72 h after transfection with pcDNA3.1(+) or pIL18. Untransfected cells were used as a negative control. The experiment was performed in triplicate.
APOPTOSIS ANALYSIS
Apoptosis was assessed at 24, 48 and 72 h after transfection with pcDNA3.1(+) or pIL18 using an annexin V-fluorescein isothiocyanate (FITC) apoptosis detection kit (Beyotime Institute of Biotechnology, Jiangsu, China) according to the manufacturer's instructions. Untransfected cells were used as a negative control. Cells were digested with 0.25% trypsin and centrifuged with the culture medium at 1000 g for 5 min. After resuspending in 10 mM phosphate buffered saline, pH 7.4 (Wuhan Boster Biological Technology Ltd, Wuhan, China), 5 -10 × 10 4 cells were transferred into 200 µl binding buffer containing 0.5 µg/ml FITC-conjugated annexin V and incubated for 10 min in the dark at room temperature. The cells were then incubated with 1 µg/ml propidium iodide at room temperature for 1 min and centrifuged at 1000 g for 5 min. The resulting pellet was resuspended in 100 µl binding buffer and apoptotic cells were counted using an epifluorescence microscope (Nikon Corp. Instruments Co., Sendai, Japan).
ASSESSMENT OF CASPASE 3/7 ACTIVITY
Caspase 3/7 activity was assessed using the Apo-ONE ® Homogeneous Caspase 3/7 Assay kit (Promega) according to the manufacturer's instructions. Briefly, at 24, 48 and 72 h after transfection with pcDNA3.1(+) or pIL18, cells were plated at 1 × 10 4 cells/well in a 96-well plate. Untransfected cells were used as a negative control. The caspase 3/7 reagent (100 µl/well) was added and gently mixed using a plate shaker at 300 -500 rpm for 1 h at room temperature. Plates were examined using a plate-reading luminometer (Bio-Rad, Hercules, CA, USA) at an excitation wavelength range of 485 ± 20 nm and an emission wavelength range of 530 ± 25 nm. 
REAL-TIME RT-PCR ANALYSIS
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using a SuperScript ® III CellsDirect cDNA synthesis kit (Invitrogen). IL18, CCND1 (cyclin D 1 ), CCNA1 (cyclin A 1 ) and IFNG (interferon-γ) mRNAs were quantified in triplicate using the BioEasy SYBR Green I real-time PCR kit (Hangzhou Bioer Technology Co Ltd) using an ABI PRISM ® 7000 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Primer sequences are shown in Table 1 . The cycling programme involved preliminary denaturation at 94°C for 2 min, followed by 40 cycles of denaturation at 94°C for 10 s, annealing at 60°C for 15 s, and elongation at 72°C for 30 s, followed by a final elongation step at 72°C for 5 min. The relative gene expression was calculated using the comparative C T method with the formula 2 -∆∆CT . 11
STATISTICAL ANALYSES
The mean ± SD of at least three experiments was calculated. Statistical analyses were carried out using the SPSS ® statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Student's t-test was used to compare the differences between groups. A P-value < 0.05 was considered to be statistically significant.
Results
Transfection of CRL-1623™ cells with pRFP appeared to result in high transfection efficiency at 48 h after transfection, as qualitatively determined by fluorescence microscopy (Fig. 1) . The numbers of apoptotic and dead cells increased over the 72-h period following transfection with pIL18 ( Fig. 2 ; P < 0.05 for 24, 48 and 72 h, Fig. 3A ). Transfection with pIL18 reduced cell viability compared with untransfected cells and this difference was statistically significant at 48 h (P < 0.05) and 72 h (P < 0.01) ( Fig. 3B ). Cell viability was also reduced slightly by transfection with empty vector pcDNA3.1(+) from 24 h to 72 h compared with untransfected cells, although this difference was not statistically significant.
Transfection with pIL18 but not pcDNA3.1(+) resulted in increased caspase 3/7 activity between 0 and 72 h, although this difference was only statistically significant at 72 h (P < 0.05; Fig. 3C ).
The levels of both IL18 and IFNG mRNA were increased in cells transfected with pIL18 compared with untransfected cells (P < 0.01 and P < 0.05, respectively, Fig. 3D ). CCND1 mRNA was reduced in pIL18-transfected cells compared with untransfected cells (P < 0.05). 
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Transfection with pIL18 did not induce any change in the level of CCNA1 mRNA (Fig. 3D ).
Discussion
The present study demonstrated that enforced expression of an exogenous IL18 gene inhibited cell growth and induced apoptosis in the human tongue SCC cell line CRL-1623™. An increase in caspase 3/7 activity was associated with pIL18 transfection, suggesting that the induction of apoptosis might occur via a caspase dependent pathway.
The worldwide prevalence of oral SCC, especially of the tongue, is increasing, 12, 13 and tongue SCC has been the focus of several studies. For example, the proteasome inhibitor MG-132 was shown to induce apoptosis in a concentration dependent manner in the human tongue SCC line Tca-8113, 14 and microRNA-21 has been found to be an independent prognostic indicator for tongue SCC. 15 There have been no significant advances in therapeutic approaches for this disease, however.
Interleukin 18 belongs to the IL-1 superfamily 16 and is produced by various immune and nonimmune cells, including intestinal and airway epithelial cells. 17 In conjunction with IL-12, IL-18 stimulates T helper-1-mediated immune responses, which play a critical role in host defence against intracellular microbes through the induction of IFN-γ. 18 IL-18 mRNA was detected at a low Both IL18 and IFNG mRNA levels were increased after transfection with pIL18 in the present study, suggesting that the inhibition of cell growth following exogenous IL18 expression may have been mediated via IFN-γ. IFN-γ is the only member of the type II class of interferons 19 and is critical for innate and adaptive immunity against viral and intracellular bacterial infections as well as tumour control. 20 IFN-γ is a multifunctional cytokine with antifibrotic and antiproliferative effects. 21 The CCND1 gene encodes cyclin D 1 , the regulatory subunit of a holoenzyme that phosphorylates and, together with cyclin E/CDK2, inactivates the cell cycle inhibiting function of retinoblastoma protein, thereby promoting progression through the G 1 -S phases of the cell cycle. 22 Genetic aberrations in the regulatory circuits that control transit through the G 1 phase of the cell cycle occur frequently in human cancer, with overexpression of CCND1 being one of the most commonly observed alterations. 23 The level of CCND1 mRNA was reduced by IL18 transfection in the present study, indicating that the cell cycle may be returned to a normal state by IL-18. Further studies focusing on the regulation of the cell cycle in tongue SCC are required to determine the exact control mechanism. CCNA1, which is thought to function primarily in the control of meiosis, 24, 25 was present at a low level in CRL-1623™ cells and was not significantly affected by transfection with the IL18 gene, indicating that IL-18 does not have a universal effect on gene expression.
The findings of the present study indicate that IL-18 inhibits cell proliferation in the human tongue SCC cell line CRL-1623™. Further studies are needed to determine the precise effects of IL-18 on the regulation of genes involved in the cell cycle and apoptosis. Caspase 3 is known be closely connected to cytochrome C, 15 and it would be of interest to investigate cytochrome C levels after IL-18 transfection in order to assess the relationship between energy and cell cycle control in tongue SCC.
